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(54) Antenna device for vehicles and vehicle antenna system and communication system using 
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(57) An antenna device (35) for installation on vehi- 
cles, which antenna device including a core (21) made 
of a magnetic material, a holding portion (22) provided 
by a dielectric film sheet wound around the core, a coil 
(23) formed with a linear conductor wound around the 



holding portion, a case (24) made of a dielectric resin 
material for housing the core, the holding portion and 
the coil, and a flexible dielectric resin (32) filling the 
space within the case excluding the core, the holding 
portion and the coil. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to an antenna 
device installed on a vehicle for use in the keyless entry 
systenn, with which systenn the vehicle door can be 
locked/unlocked by a remote control operation. The in- 
vention discloses a vehicle antenna system and a com- 
munication system containing the antenna device, too. 

BACKGROUND OF THE INVENTION 

[0002] The keyless entry system which locks/unlocks 
vehicle door by a remote control operation has become 
popular, and the design of vehicles has become diver- 
sified. There are increasing demands for a compact an- 
tenna device that can be installed easily on such sorts 
of vehicles. 

[0003] A conventional antenna device for vehicles is 
described in the following, referring to FIG. 7 and FIG. 8. 
[0004] FIG. 7 is a perspective view showing the key 
part of a conventional vehicle antenna device. In FIG. 
7, core 1 is made of a ferrite material. Bobbin 2 has a 
blank at the central portion, and the holding portion is 
made of a dielectric resin. Outer surface of bobbin 2 is 
wound around with a linear conductorto form coil 3. The 
central portion of bobbin 2 is penetrated by core 1 . 
[0005] Case 4 is for housing bobbin 2 and other items. 
Case 4 is provided with lead terminals 5, 6 and relay 
elements 13, 14, which are insert-molded. 

[0006] Relay element 1 3 is electrically connected with 
lead 3A, which being one of the two ends of coil 3, by 
soldering orthe like means; while lead terminal 5 is like- 
wise connected with lead 3B, which being the other end 
of coil 3. 

[0007] Relay element 1 3 is electrically connected also 
with lead 9A, which being one of the two ends of capac- 
itor 9, while the other end of capacitor 9, or lead 9B, is 
connected with relay element 14. 

[0008] Furthermore, lead 1 1 A, which being one of the 
two ends of resistor 11 , is electrically connected with re- 
lay element 1 4, while the other end, or lead 1 1 B, is con- 
nected with lead terminal 6. 

[0009] The space within case 4 excluding coil 3, core 
1, bobbin 2, capacitor 9, resistor 11 , relay elements 13 
and 14, and lead terminals 5 and 6 is filled with flexible 
dielectric resin 12. 

[0010] As shown in a circuit diagram, FIG. 8, coil 3, 
capacitor 9 and resistor 11 are connected in series. Both 
ends of which serially connected line are connected with 
lead terminals 5 and 6, respectively. Vehicle antenna de- 
vice 15 has such configuration. 

[0011] Lead terminals 5 and 6 are electrically coupled 
with a control circuit (not shown) built in a vehicle body. 
The control circuit and vehicle antenna device 15 inte- 
grally constitute a serial resonance circuit. 

[0012] Japanese Patent Laid-Open Application No. 



2001- 345615 represents a known prior art information 
relevant to the present invention. 

[0013] In the above-described conventional vehicle 
antenna device 15, since core 1 has to be inserted into 
5 the blank central portion of bobbin 2 a certain clearance 
needs to be provided between bobbin 2 and core 1 . Fur- 
thermore, body of bobbin 2 needs to have a certain spe- 
cific thickness to ensure a high physical strength enough 
to withstand a possible deformation caused when coil 3 
10 is formed. As the result, the overall size of vehicle an- 
tenna device 15 naturally becomes bulky. 

[0014] The conventional vehicle antenna device and 
a vehicle antenna system and a communication system 
containing the antenna device are described below re- 
15 ferring to FIG. 9. 

[0015] FIG. 9 is a drawing used to show the concept 
of a conventional communication system. In FIG. 9, ve- 
hicle antenna device 15 transmits/receives electromag- 
netic waves for communication with a third party; fixing 
20 portion 16 is for installing a mirror close to the door at 
driver's seat, and at passenger seat. Movable portion 
1 7 is for holding a mirror, and foldable. 

[0016] Vehicle antenna device 15 is housed in mova- 
ble portion 17; vehicle antenna device 15 and movable 
25 portion 1 7 integrally form vehicle antenna system 1 8. 
[0017] Card 19 is proprietary to a vehicle equipped 
with vehicle antenna system 18 for communication. A 
communication system is structured by a combination 
of card 19, vehicle antenna system 1 8 and a control cir- 
30 cuit (not shown) connected to vehicle antenna system 
18. 

[001 8] Under the above setup, the control circuit reg- 
ularly outputs a signal to card 1 9 held by a vehicle driver, 
requesting to respondwith the ID code. Vehicle antenna 
35 device 15 transmits the signal after converting it into 
electromagnetic wave of a certain specific resonance 
frequency. 

[0019] When a vehicle driver holding card 19 makes 
access to be close to the vehicle and card 1 9 receives 
40 the electromagnetic wave, card 19 transmits ID code 
signal after converting it into electromagnetic wave. 
[0020] After that, when the electromagnetic wave is 
received by vehicle antenna device 1 5 and the incoming 
ID code is recognized to be true by the control circuit, 
45 the vehicle door is automatically unlocked. In a case 
when it is not recognized to be true, or failed to receive 
the ID code sent from a vehicle driver going away from 
the vehicle, the door is automatically locked. 

[0021] Japanese Patent Laid-Open Application No. 
50 2002-30844 is a known prior art information relevant to 

the present invention. 

[0022] Under the above-described conventional vehi- 
cle antenna device 15 and a communication system 
which contains vehicle antenna device 15, however, the 
55 directivity of antenna is dislocated when movable por- 
tion 1 7 holding a mirror is folded by a vehicle driver. Ve- 
hicle antenna device 15 built in movable portion 17 is 
moved to a different orientation. As a result, there has 
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been a problem that a reliable remote control operation 
is not ensured even when a driver is within a certain dis- 
tance range from the vehicle. 

SUMMARY OF THE INVENTION 

[0023] The present invention offers an antenna de- 
vice for installation on vehicles for receiving electromag- 
netic wave airing between the vehicle and outside the 
vehicle. The antenna device includes a core made of a 
magnetic material, a coil formed by a linear conductor 
wound around the core, a case made of a dielectric resin 
material for housing the core and the coil, and a dielec- 
tric resin filling the space within the case excluding the 
core, holding portion and the coil, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

FIG. 1 is a perspective view showing the key part 
of a vehicle antenna device in accordance with a 
first exemplary embodiment of the present inven- 
tion. 

FIG. 2 shows circuit diagram of the antenna device. 
FIG. 3 shows an installation layout of the antenna 
device on a vehicle. 

FIG. 4A, FIG. 4B and FIG. 40 are idea charts show- 
ing the directivity of antenna. 

FIG, 5 illustrates concept of a communication sys- 
tem in accordance with a second exemplary em- 
bodiment of the present invention. 

FIG. 6 illustrates the concept of the communication 
system when the movable portion is folded. 

FIG. 7 is a perspective view showing the key part 
of a conventional vehicle antenna device, 

FIG, 8 shows circuit diagram ofthe conventional ve- 
hicle antenna device. 

FIG. 9 illustrates the concept of a conventional com- 
munication system. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0025] Exemplary embodiments of the present inven- 
tion are described inthefollowing, with reference to FIG. 
1 through FIG. 6. 

[0026] Those constituent parts whose structures are 
substantially identical to those of conventional technol- 
ogies are represented respectively by using identical 
symbols, and descriptions on such parts have been sim- 
plified. 

(FIRST EMBODIMENT) 

[0027] FIG. 1 is a perspective view showing the key 
part of a vehicle antenna device in accordance with a 
first exemplary embodiment of the present invention. 
Referring to FIG. 1 , core 21 is made of ferrite or the like 



magnetic material, holding portion 22 is formed of a film 
sheet of polyethylene terephthalate or the like dielectric 
material. Core 21 is wound around by holding portion 
22 for at least one turn. 

5 [0028] Coil 23 is formed by a linear conductor wound 

around the outer surface of holding portion 22. 

[0029] Preferred thickness ofthefilm sheetforholding 
portion 22 is 0.025 - 0.05 mm; it is because of easy avail- 
ability and easy winding operation around core 21 . 
[0030] Thinner holding portion 22 provides the closer 
attachment of coil 23 to core 21 . Therefore, the thinner 
film sheet results in the greater magnetic permeability, 
and number of turns of the linear conductor can be de- 
creased for forming coll 23. 

[0031] Case 24 for housing coil 23, core 21 , etc. is 
provided with relay elements 33, 34 and lead terminals 
25, 26 formed of conductor sheet, which being insert- 
molded. 

[0032] Core 21 is disposed in case 24 so that there is 
a distance of at least 5 mm between the outer surface 
of core 21 and the outer surface of case 24. 

[0033] In the above-described configuration, at least 
a clearance of 5 mm is ensured between core 21 and 
metal surface of a vehicle body even in an occasion 
where case 24 is mounted immediately direct on the 
metal surface of a vehicle body, 

[0034] Lead 23A, which being one of the two ends of 
coil 23, is electrically connected with relay element 33 
by soldering or the like means; while lead 23B, or the 
other end of coil 23, is likewise connected with lead ter- 
minal 25. 

[0035] Lead 29A, which being one of the two ends of 
capacitor 29, is electrically connected with relay element 
33; while lead 29B, or the other end, with relay element 
34. 

[0036] In addition, lead 31 A, which being one of the 
two ends of resistor 31 , is electrically connected with 
relay element 34; while lead 31 B, or the other end, with 
lead terminal 26. 

[0037] The space inside of case 24, excluding coil 23, 
core 21, holding portion 22, capacitor 29, resistor 31 , 
relay elements 33 and 34, lead terminals 25 and 26, is 
filled with resin 32, which is silicone or the like flexible 
dielectric material. 

[0038] As Illustrated In a circuit diagram shown In FIG. 
2, coil 23, capacitor 29 and resistor 31 are connected in 
series. The two ends of the serially connected line are 
provided with lead terminals 25 and 26, and vehicle an- 
tenna device 35 is completed. 

[0039] Lead terminals 25 and 26 are electrically con- 
nected to a control circuit (not shown) built in a vehicle 
body, so that the control circuit and vehicle antenna de- 
vice 35 integrally form a serial resonance circuit. 

[0040] As shown in FIG. 3, vehicle antenna device 35 
is mounted within a vehicle mirror disposed adjacent to 
the door at driver's seat, and that at passenger seat; in 
the vehicle mirror's installation premises 36 used for in- 
stalling it on a vehicle body. 
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[0041] Installation premises 36 remains fixed un- 
moved even when mirror portion 37 is revolved. Material 
of the vehicle body corresponding to installation premis- 
es 36 is not a metal, but it is polybutylene terephthalate 
or the like dielectric resin material. 

[0042] In the above-described configuration, when a 
vehicle card for keyless entry system makes access to 
the vehicle, vehicle antenna device 35 receives electro- 
magnetic wave of a certain predetermined resonance 
frequency specific to the vehicle card, and then the elec- 
tromagnetic wave is converted into an electric signal, 
and delivered to the control circuit. 

[0043] Upon detecting the signal, the control circuit 
outputs a signal requesting to send an ID code proprie- 
tary to the vehicle card. Vehicle antenna device 35 trans- 
mits electromagnetic wave representing the signal. 
[0044] Upon receiving the electromagnetic wave, the 
vehicle card transmits an ID code signal after converting 
it into electromagnetic wave. 

[0045] When antenna device 35 receives the electro- 
magnetic wave and the control circuit recognizes that 
the incoming ID code is true, door of the vehicle is un- 
locked automatically. When the code is not recognized 
to be true, or it failed to receive an ID code, the door is 
automatically locked. 

[0046] As shown in a concept drawing of antenna di- 
rectivity, FIG. 4A, directivity 40 designates a scope of 
electromagnetic wave whose energy strength is higher 
than a certain specific level. The scope spreads in a 
spherical shape around the vicinity of the right and the 
left ends of core 21 . 

[0047] When the vicinity of the right end, for example, 
of core 21 is shaped to be finer than that at the left end 
by cutting or other means, as shown in FIG. 4B, density 
of magnetic lines at the right end increases to be higher 
than that at the left counterpart. In this way, directivity at 
the right end can be elongated to be more slender as 
compared to the left end counterpart. 

[0048] Contrary, if core 21 is processed at the vicinity 
of the right end to be thicker than the left end, as shown 
in FIG. 4C, density of magnetic lines at the right end 
decreases to be lower than that at the left end. In this 
way, directivity at the right end can be made to shrink to 
a thicker and shrunk shape as compared to the left end 
counterpart. 

[0049] In the above descriptions, the core is shaped 
at the vicinity of the right end along sloped planes. How- 
ever, It is not limited to a sloped plane, but the core may 
be shaped along stepped planes for modifying directivity 
40. 

[0050] In the above descriptions, although core area 
at the vicinity of the right end is made to be different in 
relation to the left end counterpart, the left end area may 
be made to be different in relation to the right end coun- 
terpart for the purpose of modifying directivity 40. 
[0051] Directivity 40 can be modified in this way, be- 
cause density of magnetic lines at the vicinity of the left 
end, orthe right end, of core21 can be changed by shap- 



ing core 21 so that it has different area at the vicinity of 
the left end, orthe right end, in relation to cross sectional 
area at the rest portions. 

[0052] In the presentfirst embodiment, vehicle anten- 
5 na device 35 has been formed with core 21 of magnetic 
material, holding portion 22 provided by winding a die- 
lectric film sheet around core 21 , coil 23 formed with a 
linear conductorwound around holding portion 22, case 
24 made of dielectric resin for housing core 21 , holding 
10 portion 22 and coil 23, and flexible dielectric resin 32 
filling the space within case 24 excluding core 21 , hold- 
ing portion 22 and coil 23. Since holding portion 22 is 
provided by winding a film sheet around core 21 , there 
is no need of providing a gap between holding portion 
15 22 and core 21 . Another advantage of this structure is 

that holding portion 22 can be formed in a thin contour. 
Thus the present invention offers vehicle antenna de- 
vice 35 that is compact in the overall size and easy to 
mount on a vehicle body. 

20 [0053] Since core 21 is disposed within case 24 se- 

curing a certain specific distance from the outer surface 
of case 24, the increase of a so-called eddy current loss 
is prevented. The eddy current loss is a heat loss with 
electromagnetic wave due to eddy current in metal por- 
25 tion caused by magnetic flux which is generated by core 
21 . Thus a steady range of communication can be es- 
tablished for transmission/reception of electromagnetic 
waves. 

[0054] Furthermore, in the present communication 
30 system, vehicle antenna device 35 is mounted within a 
vehicle mirror at the installation premises which is used 
for installing the mirror on a vehicle, and communication 
with a third party is conducted via vehicle antenna de- 
vice 35. Since the installation premises stays fixed even 
35 when the mirror is revolved, the range of transmission/ 
reception remains unchanged before and after the rev- 
olution of a mirror. Thus the steady range of communi- 
cation is maintained unchanged. 

[0055] Furthermore, since the density of magnetic 
40 lines at the vicinity of the left end, or the right end, of 
core 21 can be changed by making the cross sectional 
area at the vicinity of the left end, or the right end, to be 
different in relation to that in the remaining portion, the 
directivity can be modified with ease. 

45 [0056] Still further, since thickness of holding portion 

22 is not thicker than 1 mm, and the thinner the greater 
with a rate of magnetic permeation, number of windings 
of linear conductor can be reduced. Thus the present 
invention offers an inexpensive vehicle antenna device 
50 that is easy to assemble. 

[0057] Although core 21 in the above description is 
provided with holding portion 22, coil 23 can be wound 
immediately on core 21 in a case where core 21 is made 
of an insulating magnetic material. The present inven- 
55 tion can be implemented in this way either. 

[0058] The above descriptions have been based on a 
configuration that vehicle antenna device 35 is mounted 
within a vehicle mirror disposed adjacent to the door at 
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driver's seat, and that at passenger seat, at installation 
prennises 36 which is used for installing the mirror on a 
vehicle body. Instead, the antenna device may be 
mounted within a vehicle mirror disposed above the 
front wheel, at installation premises which is used for 
installing the mirror on vehicle body above the front 
wheel. 

[ 0059 ] Although the above descriptions have been 
based on the concept of bidirectional communication 
system where both the vehicle card and vehicle antenna 
device 35 transmit/receive electromagnetic waves, the 
present invention can be embodied in a unidirectional 
communication system. For example, in a communica- 
tion system where vehicle key transmits electromagnet- 
ic wave representing ID code proprietary to the key, 
while vehicle antenna device 35 receives it to lock/un- 
lock the vehicle door. 

[ 0060 ] As described in the above, the present inven- 
tion offers a substantial advantage that it implements a 
compact and easy-to-mount vehicle antenna device, 
and a communication system containing the antenna 
device. 

(SECOND EMBODIMENT) 

[ 0061 ] FIG. 5 is the drawing used to show the concept 
of a communication system in accordance with a second 
exemplary embodiment ofthe present invention. In FIG. 
5, vehicle antenna device 35 transmits/receives electro- 
magnetic waves for communication with a third party, 
fixing portion 16 is for holding a vehicle mirror (herein- 
after referred to as mirror) close to the door at driver's 
seat, and at passenger seat, which portion is formed 
with polybutyleneterephthaleteorthe like dielectric res- 
in material. 

[ 0062 ] Vehicle antenna device 35 is housed in fixing 
portion 1 6, and fixing portion 1 6 and vehicle antenna de- 
vice 35 integrally form vehicle antenna system 20. 
[ 0063 ] Card 19 which is proprietary to a certain spe- 
cific vehicle is used to communicate with vehicle anten- 
na system 20. Card 1 9, vehicle antenna system 20 and 
a control circuit (not shown) connected with vehicle an- 
tenna system 20 integrally constitute a communication 
system. 

[ 0064 ] As shown in the conceptual illustration when 
movable portion 17 is folded, FIG. 6, fixing portion 16 
for holding a mirror stays fixed unmoved even after mov- 
able portion 1 7 holding the mirror is folded by a vehicle 
driver. 

[ 0065 ] Since orientation of vehicle antenna device 35 
disposed within fixing portion 16 does not change, the 
directivity of vehicle antenna system 20 stays un- 
changed before and after the folding action given to the 
mirror. 

[ 0066 ] Unlike movable portion 17, there are no such 
metal components as motor, cam, etc. needed for re- 
volving a mirror in fixing portion 1 6. Vehicle antenna de- 
vice 35 has been housed within fixing portion 1 6. 



[ 0067 ] In vehicle antenna device 35, there exists more 
amount of magnetic flux at a place closer to end face of 
core 21 . So, the amount of heat loss with electromag- 
netic wave due to eddy current in metal portion which is 
5 caused by the magnetic flux is greater in a region closer 
to the end face. 

[ 0068 ] In a case where vehicle antenna device 35 is 
disposed within the inside of fixing portion 1 6 in accord- 
ance with the present invention, it is easier to prevent 
10 the growing heat loss with electromagnetic waves due 
to eddy current in the adjacent metal parts, since there 
are less metal items in the neighborhood as compared 
with a case where it is disposed in movable portion 17. 
Namely, it is easierto avoid a narrowed directivity range. 
15 [ 0069 ] Furthermore, since fixing portion 16 is dis- 

posed outside of a vehicle body at a place off the vehi- 
cle's metal door, vehicle antenna device 35 disposed in 
fixing portion 16 in accordance with the present inven- 
tion is locating away from metal parts as compared to a 
20 case where it is housed within a vehicle door or a door 
handle. Therefore, like in the earlier-described case, it 
is easier to prevent the growing heat loss with electro- 
magnetic wave dueto eddy current in the adjacent metal 
parts. Namely, it is easierto avoid a narrowed directivity 
25 range. 

[ 0070 ] In the above setup, the control circuit regularly 
outputs a signal towards vehicle driver's proprietary 
card 1 9 requesting to respond with an ID code . Vehicle 
antenna device 35 transmits the signal after converting 
30 it into electromagnetic wave of a certain specific reso- 
nance frequency. 

[ 0071 ] When a vehicle driver holding proprietary card 
19 makes access to the vehicle and card 19 receives 
the electromagnetic wave, card 19 transmits ID code 
35 signal after converting it to electromagnetic wave. 

[ 0072 ] When vehicle antenna device 35 receives the 
electromagnetic wave and the control circuit recognizes 
the incoming ID code to be true, the vehicle door is un- 
locked automatically. If the control circuit failed to rec- 
40 ognize itto be true, or unable to receive an ID code from 
a vehicle driver going away from the vehicle, the door is 
automatically locked. 

[ 0073 ] Vehicle antenna system 20 in the present sec- 
ond embodiment is formed by housing vehicle antenna 
45 device 35, which is consisting of at least core 21 of mag- 
netic material and coil 23 wound around on the outer 
surface of core 21 , within fixing portion 16 which has 
been provided for holding a vehicle mirror. Since fixing 
portion 16 does not move and stays as it is even after 
50 movable portion 1 7 holding the mirror is folded by a ve- 
hicle driver, the directivity of antenna stays unchanged. 
Thus the present invention implements vehicle antenna 
system 20 which ensures a reliable remote control op- 
eration between a vehicle driver and the vehicle within 
55 a certain distance range, and a communication system 
containing the antenna system. 

[ 0074 ] When conductive metal plate 50 is provided 
between fixing portion 16 at the vehicle body side and 
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vehicle antenna device 35, the directivity of vehicle an- 
tenna device 35 disposed at the vicinity of door at driv- 
er's seat, or at passenger seat, for exannpie, is blocked 
by conductive metal plate 50 and hardly expands in the 
direction towards the inside of vehicle room. As the re- 
sult, the directivity of vehicle antenna device 35 at driv- 
er's seat and that at passenger seat hardly overlap. 
[ 0075 ] Under the above configuration, suppose a ve- 
hicle driver holding a card makes access to a vehicle 
from the driver's seat side, the control circuit of vehicle 
receives signal fromvehicle antenna device 35 at the 
driver's seat, while there is no input from vehicle anten- 
na device 35 at passenger seat. Therefore, in addition 
to a communication system which unlocks all of the 
doors of a vehicle at once, a different communication 
system can be structured; which unlocks only the door 
at driver's seat, while the door at passenger seat re- 
mains locked. 

[ 0076 ] The above descriptions have been based on a 
configuration that vehicle antenna device 35 is housed 
within fixing portion 16 which has been provided for 
holding a vehicle mirror adjacent to the door at driver's 
seat, and that at passenger seat. Instead, the antenna 
device may be mounted within a stick-shaped fixing por- 
tion provided for installing the mirror on a vehicle body 
above the front wheel. 

[ 0077 ] The above descriptions have been based on a 
bidirectional communication system where both of pro- 
prietary card 1 9 and vehicle antenna device 35 perform 
transmission/reception of electromagnetic waves. In- 
stead, it can be implemented on a unidirectional com- 
munication system. An example is a so-called keyless 
entry system where a specific key for insertion to a key 
hole proprietary to a vehicle is integrated with a trans- 
mitting element; when a vehicle driver presses a trans- 
mission button of the key to transmit electromagnetic 
wave representing a proprietary ID code, the vehicle an- 
tenna receives it for locking/unlocking the door. 

[ 0078 ] As described in the above, the present inven- 
tion offers the advantage of implementing a vehicle an- 
tenna device and a communication system containing 
antenna device, which ensure a reliable remote control 
operation between a vehicle driver and the vehicle with- 
in a certain distance range. 

Claims 

1 . An antenna device for installation on vehicles for re- 
ceiving electromagnetic waves airing between the 
vehicle and the outside comprising 

a core made of a magnetic material, 
a coil formed with a linear conductor wound 
around the core, 

a case made of a dielectric resin material for 
housing the core and the coil, and 
a dielectric resin filling the space within the 



case excluding the core and the coil. 

2 . The vehicle antenna device of claim 1 , wherein 

5 the core is disposed with a certain specific gap 

from the outer surface of the case. 

3 . The vehicle antenna device of claim 1 , wherein 

10 cross sectional area of the core at the vicinity 

of at least either one of the ieft end and the right 
end is different from that of the rest portion. 

4 . The vehicle antenna device of claim 1 , further com- 
15 prising a holding portion formed by winding a die- 
lectric film sheet around the core, the holding por- 
tion is wound around by the coil. 

5 . The vehicle antenna device of claim 4, wherein 
20 thickness of the hoiding portion is not more than 1 

mm. 

6. A communication system comprising 

a vehicle antenna device for transmitting elec- 
tromagnetic waves to the outside of vehicles or 
receiving electromagnetic waves coming from 
outside the vehicle, which antenna device com- 
prising 

a core made of a magnetic material, 
a coil formed with a linear conductor wound 
around the core, 

a case made of a dielectric resin material for 
housing the core and the coil, and 
a dielectric resin filling the space within the 
case excluding the core and the coil; 

wherein 

the vehicle antenna device is disposed within 
40 a vehicle mirror at a location close to the vehicle 
mirror's installation premises which is used for in- 
stalling the mirror on a vehicle body. 

A vehicle antenna system comprising 

a vehicle antenna device which is comprising 
at least a core made of a magnetic material and a 
coil wound around the outer surface of the core; 
wherein 

the antenna device is housed within a fixing 
portion which has been provided for installing a ve- 
hicle mirror on a vehicle body. 

8 . The vehicle antenna system of claim 7, further pro- 
vided with a conductive metal plate disposedbe- 

55 tween the fixing portion at the vehicle side and the 
vehicle antenna device. 

9 . A communication system for conducting communi- 
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cation with a third party via a vehicle antenna sys- 
tem which contains a vehicle antenna device 
formed of at least a core made of a magnetic mate- 
rial and a coil wound around the core; wherein the 
vehicle antenna device is housed within afixing por- 5 
tion which has been provided for installing a vehicle 
mirror on a vehicle body. 
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